Introduction. Efficacy of depression treatments, including adjunctive antipsychotic treatment, has not been explored for patients with worsening symptoms after antidepressant therapy (ADT).
Introduction
Key treatment goals in major depressive disorder (MDD) are symptom remission and a return to pre-episode levels of functioning. However, incomplete or nonresponse to treatment is common in patients with MDD. Using data from clinical trials, Fava and Davidson 1 estimated that up to 46% of patients have treatmentresistant depression; this estimate is deemed to be conservative, given that most clinical trials exclude patients not likely to respond. Data from the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) trial indicate that 64% of patients do not achieve an adequate response or remission to adequate antidepressant therapy (ADT) 2 ; reports from clinical practice suggest rates of 65%-85%. 3 Available strategies to address incomplete response to antidepressant monotherapy include maximizing initial therapy, neuromodulation, switching treatments, and augmentation. 4 Current treatment guidelines for MDD from the American Psychiatric Association recommend antidepressant augmentation as one option for patients with MDD after 4-8 weeks of inadequate response to initial ADT. 4 Augmentation with atypical antipsychotic agents is now supported by a sizeable body of evidence: results from 16 trials including 3480 patients demonstrated the efficacy of adjunctive treatment strategy. [5] [6] [7] However, clinical practice guidelines do not provide much direction for selecting among the various treatment strategies based on the level of improvement with initial ADT. Clinicians have traditionally favored switching antidepressants over augmentation for patients who do not achieve at least a partial response. 8 However, it was shown recently that adjunctive aripiprazole was an effective treatment in patients with minimal 9 or inadequate response to ADT. [10] [11] [12] Preclinical research has shown that the addition of atypical antipsychotics such as aripiprazole can reverse the suppression of firing of norepinephrine neurons produced by selective serotonin re-uptake inhibitors through their antagonism of serotonin 2A (5-HT 2A ) receptors. 13 Inhibition of the 5-HT 2 receptor has also been shown to enhance the effects of serotonin in the prefrontal cortex. 14 Both mechanisms may help to explain the adjunctive effects of atypical antipsychotics in MDD. The efficacy of atypical antipsychotic agents in monotherapy is not well established. For example, evidence shows that olanzapine monotherapy is not as effective as olanzapine/fluoxetine combination therapy. 15 Quetiapine ER has been shown to be efficacious as monotherapy for nonpsychotic MDD. 
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Methods
Study design
This study was a post-hoc analysis using pooled data from 3 similarly designed, randomized, double-blind, placebo-controlled trials of aripiprazole adjunctive to ADT in patients with MDD. [10] [11] [12] 
Medication doses
In the prospective phase, the following ADT doses were targeted: escitalopram (10 or 20 mg/day), fluoxetine (20 or 40 mg/day), paroxetine CR (37.5 or 50 mg/day; paroxetine 30 or 40 mg/day if paroxetine CR unavailable), sertraline (100 or 150 mg/day), or venlafaxine ER (150 or 225 mg/day). No ADT dose increases were permitted after Week 4.
In the randomized phase, aripiprazole dosing was started at 5 mg/day and was increased to 10 mg/day after the first week of treatment (Week 9) if tolerated, with a maximum dose of 15-20 mg/day. Patients unable to tolerate 5 mg/day of aripiprazole could have their dose decreased to 2 mg/day.
Assessments
The current analysis examined the subset of patients who showed an increase in MADRS Total score (worsening of symptoms) during Phase B from Week 1 to the end of Week 8 and who were later randomized to adjunctive aripiprazole or adjunctive placebo. This subset of patients was considered ''ADT-Worseners.'' ''ADT-Non-worseners'' were defined as patients who showed a $0% decrease (no change or an improvement of symptoms) in MADRS Total score during the prospective phase (Phase B, Week 0-8). Response in Phase C was defined as a $50% reduction in MADRS Total score, whereas remission in Phase C was defined as a $50% reduction in MADRS Total score and a MADRS Total score of #10 at endpoint.
Phase B ADT-Worseners and ADT-Non-worseners were also assessed using the Sheehan Disability Scale (SDS) to measure functional disability in work, social, and family life. 20 
Statistical methods
Mean MADRS Total score analysis was performed using an analysis of covariance, with treatment and protocol as the main effects, end of Phase B score as the covariate, and last observation carried forward (LOCF). Response and remission rates were evaluated using Fisher exact test.
Findings
Patients
Of the 1065 patients who failed to achieve a response in Phase B and were randomized to Phase C, 160 patients (15.0%) exhibited a worsening of symptoms with ADT, and 905 (85.0%) exhibited no change or a reduction in objective scale scores (ADT-Non-worseners At endpoint, 36.6% of ADT-Worseners in the aripiprazole group and 22.5% of ADT-Worseners in the placebo group exhibited a response to treatment ($50% reduction in MADRS Total score), but the difference between treatment groups was not significant. In comparison, 37.5% of ADT-Non-worseners (176/469) receiving adjunctive aripiprazole showed a response to treatment at endpoint (Week 14) compared with 22.5% of those receiving adjunctive placebo (98/436). The magnitude of the difference in response to adjunctive aripiprazole and placebo was similar in the ADT-Worseners and ADT-Non-Worseners, with a number needed to treat (NNT) of 7 for aripiprazole in both groups.
During the adjunctive treatment phase, a higher proportion of ADT-Worseners who received adjunctive aripiprazole compared with ADT-Worseners who received adjunctive placebo achieved remission ($50% reduction in MADRS Total score and MADRS Total score of #10) at the fifth and sixth week of aripiprazole treatment (Weeks 13 and 14; P ,.05), with an NNT of 8 for remission. At endpoint, 25.4% of ADT-Worseners receiving adjunctive aripiprazole achieved remission compared with 12.4% of ADT-Worseners receiving adjunctive placebo (Fisher exact test; P 5.04), whereas 29.9% of ADT-Non-worseners who received adjunctive aripiprazole achieved remission at endpoint compared with 17.4% of ADT-Non-worseners receiving adjunctive placebo.
On the SDS, ADT-Worseners receiving adjunctive aripiprazole and placebo showed a mean change from baseline to endpoint of 21.5 and 21.2, respectively. This difference was not statistically significant. The difference in mean change from baseline to endpoint on the SDS was statistically significant for ADT-Non-worseners receiving adjunctive aripiprazole (21.2, baseline 5 5.2) compared with those receiving adjunctive placebo (20.6, baseline 5 5.3; P ,.0001).
Safety and tolerability
Treatment-emergent adverse events (AEs) reported at an incidence of $5% and at least at twice the rate of placebo are shown in Figure 2 . The types of AEs reported by ADT-Worseners did not appear to be qualitatively different from the AEs reported by the entire patient population in the 3 parent MDD trials. [10] [11] [12] During the adjunctive treatment phase, clinically significant weight gain ($7% gain from baseline) was reported by 7.4% of ADT-Worseners (n 5 5/68) receiving adjunctive aripiprazole compared with no patients in the adjunctive placebo group. The mean change in weight from baseline to endpoint was 1.8 kg and 0.7 kg for ADT-Worseners receiving adjunctive aripiprazole or placebo, respectively. 
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Discussion
This is the first study to assess whether adjunctive aripiprazole is beneficial in patients with MDD whose symptoms have worsened during treatment with antidepressant monotherapy. On average, symptoms of these patients worsened by a clinically relevant 3-4 points on the MADRS scale during ADT monotherapy. Furthermore, to our knowledge, this is the first post-hoc analysis to analyze the impact of any atypical antipsychotic or adjunctive agent for the treatment of a patient population experiencing a worsening of depressive symptoms. Interestingly, the response and remission rates for ADT-Worseners receiving adjunctive aripiprazole treatment were similar (36.6% and 25.4%, respectively) to the response (36.0%) and remission rates (24.0%) of ADT-Minimal Responders, 9 suggesting that adjunctive aripiprazole may be an effective intervention across the spectrum of patients with an inadequate response to ADT. In the current analysis, fewer of the weekly change scores and the weekly response and remission rates were significant in the ADT-Worseners subgroup than in the ADT-Non-worseners. Mean change from baseline on the SDS at endpoint was not significantly different between ADT-Worseners receiving adjunctive aripiprazole and placebo, whereas there was a significantly greater mean reduction from baseline at endpoint in ADT-Non-worseners receiving adjunctive aripiprazole versus adjunctive placebo. The sample size of ADTWorseners, however, was considerably smaller than the subset of ADT-Non-worseners (n 5 160 vs n 5 905, respectively), and this may have limited the number of significant differences in the ADT-Worsener group. The magnitude of differences appeared to be relatively similar in the two groups. For example, change in MADRS Total score for patients receiving adjunctive aripiprazole compared with those receiving placebo ( Figure 1 ) was similar in ADT-Worseners and ADT-Nonworseners. In addition, the NNTs to achieve response and remission were also similar for both ADT-Worseners and ADT-Non-worseners.
Clinical practice and certain guidelines have favored augmentation therapy in patients with a partial response to ADT, but with a preference for switching to alternative antidepressants in patients with minimal response. The Canadian Network for Mood and Anxiety Treatment guidelines recommend increasing dose or FIGURE 2. Adverse events ($5% incidence for ADT-Worseners and at least twice the rate of the placebo group), safety sample. ADT 5antidepressant therapy.
switching to an alternative ADT when patient improvement on a depression rating scale is ,20% and augmentation for patients with a response to ADT .20%. 21 However, in the past, such guidelines have been based on rational or practical grounds rather than evidence of efficacy, or lack thereof. The argument for switching medication is strengthened in patients whose symptoms worsen during ADT. However, the findings of the current analysis challenge this consideration and suggest that adjunctive aripiprazole is effective in ADT-Worseners. Every change in treatment requires additional practical considerations, including safety and tolerability considerations and patient preference. A practical advantage of using adjunctive aripiprazole in the treatment of MDD is the fact that changes occur quickly and are highly predictive of final effectiveness. 22, 23 In the current study, 70% of the overall change in MADRS Total scores from baseline to endpoint occurred within the first 2 weeks of treatment. The results presented here are not informative regarding the comparison of adjunctive aripiprazole and a switch in ADT. This would require a different study design. Although augmentation with atypical antipsychotics is the most well studied treatment approach for nonresponders to ADT, 24 as a class, atypical antipsychotics are associated with long-term safety issues including metabolic syndrome, weight gain, extrapyramidal symptoms, and tardive dyskinesia. 4, 24 A meta-analysis of randomized, placebo-controlled trials of augmentation with atypical antipsychotics showed comparable odds ratios for discontinuations due to AEs across agents, though rates of specific AEs may differ. 25 In placebocontrolled trials in patients with MDD, adjunctive aripiprazole was commonly associated with akathisia [26] [27] [28] [29] and, in some trials, significant weight gain. 27, 28 Thus, it is important to evaluate the overall risk-benefit profile of a strategy of augmentation with aripiprazole. Pharmacokinetic drug interactions also need to be considered; compared with therapy switching, adjunctive therapy presents a greater risk of drug interactions. 24 Because aripiprazole is a substrate of cytochrome P450 (CYP) 3A4 and CYP2D6, dose adjustments of aripiprazole are necessary when used with strong CYP3A4 and CYP2D6 (eg, fluoxetine, paroxetine) inhibitors; however, aripiprazole does not affect the steady-state pharmacokinetics of escitalopram, venlafaxine, fluoxetine, paroxetine, or sertraline. 30 Cost may also be higher compared with a switching approach. 24 The current analysis has interesting neuropharmacologic implications relative to mechanism of action for adjunctive aripiprazole in MDD. In this study, the addition of aripiprazole resulted in symptomatic improvement in patients who exhibited no improvement on the initial antidepressant and, in fact, experienced some worsening of symptoms. This suggests that either the initial antidepressant monotherapy may have had neuropharmacologic effects that acted synergistically with the addition of aripiprazole, or that aripiprazole has independent antidepressant properties. There is no definitive evidence to support either hypothesis, and it is conceivable that both mechanisms could play a role.
Limitations
The current analysis has limitations, including its post-hoc nature and small sample sizes; the power for some analyses may be insufficient to detect statistical significance. None of the analyses presented here were pre-specified, and all P-values reported represent nominal P-values without adjustment for multiplicity. This is a retrospective analysis, and, although the 3 trials included in this retrospective analysis were not designed to assess the outcomes in patients who showed worsening of symptoms with an initial ADT, the similar design of the 3 studies allowed the pooling of data. Although an objective threshold of any worsening was elected as .0% change in the MADRS score, 48% of patients had a ,10% increase in MADRS score, and this increase may reflect fluctuations in MADRS score rather than meaningful deterioration; future studies might incorporate additional outcome measures assessing symptoms such as anxiety or compare degree of worsening using larger sample sizes. The adjunctive treatment phase in the 3 trials was relatively brief (6 weeks), perhaps underestimating the full effect of augmentation during a longer trial. In addition, these short-term trials do not address whether response and remission rates in the short term will be sustained in the long term. The strict inclusion/exclusion criteria used in patient selection for these trials may limit the generalizability of the findings to clinical practice.
Conclusions
The results presented here suggest that adjunctive aripiprazole is an effective intervention across the spectrum of patients who show an inadequate response to antidepressant monotherapy, including patients whose symptoms worsen during antidepressant monotherapy. This finding challenges the view that the benefits of adjunctive treatment are limited to patients with MDD who have had a partial response to ADT, and suggests that augmentation may constitute a viable treatment strategy among ADT-Worseners.
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